Abstract: In this note we consider a fermionic T-duality of the coset realization of the type IIA sigma-model on AdS 4 × CP 3 with respect to the three flat directions in AdS 4 , six of the fermionic coordinates and three of the CP 3 directions. We show that the Buscher procedure fails as it leads to a singular transformation and discuss the result and its implications.
In this note, in light of a suggestion that T-dualizing three isometries of CP 3 is also required [3] and the new evidence [5, 6] from the field theory, we consider the fermionic T-duality along the three flat AdS 4 coordinates, three complex Killing vectors in CP 3 (each one of real dimension one) as well as six of the fermionic coordinates, whose corresponding tangent-space vectors generate an Abelian subgroup of the isometry group. We show that as in the case of dualizing just in AdS 4 and the fermions, the Buscher procedure fails as it leads to a singular transformation [12] .
The outline of this note is as follows: in Section 2 we apply the Buscher procedure for T-duality to the OSp(6|4)/(SO(2, 1) × U(3)) Green-Schwarz sigma-model describing type IIA strings on AdS 4 × CP 3 in a certain partial gauge-fixing and show that it fails. In Section 3 we discuss the implications of the result. The osp(6|4) algebra is given in Appendix A.
T-dualizing AdS
We attempt to T-dualize AdS 4 × CP 3 along the directions corresponding to P a , Q lα , R kl , which form an Abelian subalgebra of the isometry group.
We assume that κ-symmetry can be partially gauge-fixed to set the six coordinates corresponding toŜ 
Examining the algebra, one finds that the current J takes values in the space spanned by
Denoting the decomposition of K into the Z 4 -invariant subspaces by K i ∈ H i , the Green-Schwarz action takes the form
We attempt to T-dualize the action by using the Buscher procedure [14, 15] by introducing the new fields A a , A lα , A kl ,Ā a ,Ā lα andĀ kl such that the current now reads
while j, which does not contain x a , θ lα and y kl , remains unmodified. In addition, the following Lagrange multiplier terms are added to the action:
wherex a ,θ lα andỹ kl are Lagrange multipliers. The T-duality is performed by integrating out the gauge fields, whose equations of motion are
for the holomorphic fields and for the anti-holomorphic ones. (The complexity of the equations arises from the fact that, unlike in the AdS 5 × S 5 case, J is valued in a space larger than the one that is actually dualized.)
For the purpose of solving these equations, the properties of the field-dependent group-theoretic factors must be understood. In particular, it should be checked whether the coefficients of the gauge fields have non-trivial kernels.
In order to do so, we resort to explicitly expressing the currents in terms of the coordinates. We denote C ≡θ α lQ l α + ξ lα S lα and examine the commutators 
Finally, conjugating with y D eŷ klR kl yields the current
Unfortunately, j is even more complicated. However, before plunging into its computation in a closed form it is worthwhile to examine it to the lowest order inθ α l and ξ lα . Doing so yields,
Having the currents, we can take a look at the action to lowest order inθ α l and ξ lα :
The term quadratic in the θ lα derivatives is multiplied by a three-dimensional antisymmetric matrix, whose rank is two, and the higher order terms inθ α l and ξ lα cannot make the matrix's kernel trivial. Thus the term quadratic in the fermionic gauge fields in the dualized action will be multiplied by a singular matrix and the fermionic gauge fields will be multiplied by a singular matrix in the equations of motion -one cannot T-dualize all the six fermionic coordinates.
Since the obstruction to T-dualizing the fermionic coordinates is at the zeroth order in the spectator fermions, it appears that modifying the κ-symmetry gaugefixing of these fermionic degrees of freedom would not change the above conclusion.
Discussion
We showed that the application of the Buscher T-duality procedure to the coset OSp(6|4)/(SO(2, 1) × U(3)) fails when dualizing along the AdS 4 flat directions, three of the (real) CP 3 directions and six fermionic directions. There are several ways to explain this apparent tension between the field theory tree-level evidence and the sigma-model analysis.
The simplest and most obvious explanation is that the dual superconformal symmetry exists only in the weakly-coupled field theory description and breaks down at the strong-coupling regime, which is described by the string theory dual. A second possibility is that in this case the dual superconformal symmetry is not related to the ordinary superconformal symmetry by a T-duality transformation but in a more intricate way.
A third possibility is that the coset formulation does not capture the entire superstring description. The coset is obtained by a partial gauge-fixing of the κ-symmetry of the full AdS 4 × CP 3 sigma-model [16] by setting the fermionic coordinates corresponding to the eight broken supersymmetries to zero. However, as noted in [16] , this gauge-fixing is not compatible with all the possible string configurations. Thus, it does not have a representation for certain field theory operators, which might amount to a (possibly inconsistent) truncation of the field theory that does not preserve the dual superconformal symmetry. A way to resolve this issue could be to use a better gauge-fixing of the κ-symmetry as proposed in [16, 13] .
